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SECTION I 

INTRODUCTION 



1.3 PLAN OF REPORT 

1.1 PURPOSE 

This  i s  the seccna Saturn S-iVB Mater ia ls bnd Process Development 
T 

Report compiled i n  accordance w i t h  contractual  requirements f o r  

a semiannual summary repor t  covering work done by' Douglas A f  r c r a f t  

Company in  ..the area of mater i a  l and process deve l oprnent 

t o  the  Saturn S-IVB. 

1.2 s c m  " - -  
A .'. 

7 -  -r - 
- ..:. .. ' L "  , - . - 

J . -  - -  . . - - . ... . I _  - 
- I c _  , . ' - _  - - -  - - . L - - , .- rL -- -' ,  , L*~.--' 1. L-, 

- v  - L  . - 

lnformatlon i s  presented w i t h i n  the repor t  concerning work performed 

toward the debelopq~ent of processing materials, processes, and pra- 

t e c t i v e  packaging f o r  the Saturn S-IVB during the  period from I June 

1963 to, I December 1963. 
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3, 10 Solderless wire wrap cmnwtws  were tested end found 
suitable far  use i n  Sat.urn S-IYB ground support rquip- 
umnt, 

3.11 Varlous cross-llnklng ageds were tested I n  ET-9 epoxy 
pol ymr  In an unsuccessful attempt t o  lmprow Its 
f l e x l b l l l t y  fo r  cryogentcz use, 

3, 12 A butyl cornpound with a m w t e  bond sfrength for appll- 
cat l on between t he ox l d 1 r e r  tank and a t i  1 f ude control 
system Is  baing developed. 

3*13 Several materlala exhtblted exc~sstva detarloratlon 
when tested i n  N204. 

I $ 

3.14 , . ,0-rlng m t e r l a l s  haw br*n re l lc ted f o r  h l ~ R  vacuum 
, Cw ?emperaSure tests In an e f f o r t  t o  ltnprow the 

r e l l a b l l i t y  of the actuator seals I n  an o ~ t e r  space 
MVI ronment. 

, p s S l b l e w l t h l l q u l d o x y g ~ n .  

.4.2 frsctographlc and mlcroScoplc studies of weld structure 
I n 'tans 1 1 e spec I msns conta l n l ng s ha I l OM cracks are curren 
In progress. 
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The electron beam welding process was determined to  tie 
feaslble f o r  productfon welding of eomron bulkhead 'Tg' 
extrusions. 

stud lo r  are being mde t o  develop an electron beam ml dlng 
process f o r  prodyct ion we l d I ng of through-bu l khosd feed 
through round flange receptacles, 

Tests mad+ w i th  an automatic aoollng and f lux ing  system, 
f o r  use w i th  the i lawsolderlng process In  soldering 
pr ln tad wlr lng boards, show She system +o be satisfactory. 

The Saturn S m l V  molded cable marking machine was $uccessfuliy 
adapted f o r  m r k l n g  Saturn S-lVB molded cable ossembllesb 

An efficient sprayer assembly configuration was developed fo r  
cleaning the in ta r lo r  bf the hydrogsn tank. 

6 

A new edge design and method of fabr icat ion were dewfoped 
f o r  the manufacture of the bulge forming bag. 

A vented type of honeycomb core was found t o  compare 
favorably wi th the core type presen'tly used i n  the eomnon 
bulkhead and w i l l  be 'l'ested t o  determine the f e a s i b i l i t y .  
o f  i t s  use t o  e l  l m l  nate t h e  poso i b i  l l t y  of trapped hydrogsn 
In  the  core material of  the common bulkhead. 

Studies arc I n  progress t o  determine acceptable talerances 
I n  MIG welding psrameters and optlmum machlne sett lngs f o r  
common bulkhead and -dome meridian Joints as well  as other 
production weld Joints, 

An abras#on resistant material, consisting of Swo-ply nylon 
f sb r l c  coated w i th  neoprene, i s  I n  the praoess of developmnt 
f o r  uge as a protect ive cover over the Saturn S-lV8 durlng. ' 

transport. 
! I t .  

, 
2 ' 



STUDY AND DEVELWNT OF - PROCESSED MATERIALS 

Studies conaucrea To evaluate non-processed 
materials for use in  the Saturn S-IVB are 
sumnarized In th is  section. 



The r6eo l ts  o f  tens1  le t e s t  l ng are 1 i sted I n  t ab  la 2-2. The u It i p t e  

tens i l e strength P t u  1 and duct i t i t y  (per cent e l ongat 1 on 1 decreased 

as d f stanceu.f rom the  end ch i  l l increased. A pronounced change I n  the  

r a t e  o f  decvase was noted approximate l y 8 i nches fmm the  end ch 1 l I. 

Complete reversal fa t igue strength t e s t  r esu l t s  are l i s t e d  i n  t ab le  2-3. 

The complete reversal fat igue strength decreased as distance from the end 

c h i l l  increased. The r a t e  o f  decrease was most pronounced a t  distances 

greater than 8 inches from the  end c h i l l .  

4,- 
L 

Thg specimen p la tes from which the t e s t  coupons were taken a l l  showed 

a progressive increase i n  rad iographica l ly  v i s i b l e  d iscon t inu i t ies  as 

distance from the end c h i l l  increased. 

2.1.4 Conclusions 

The decrease i n  comp l e te  reversa l f a t  i gue strength i s  apparent I y re la ted  

t o  the  decrease i n  u l t imate t e n s i l e  strength. The pronouqced cpange i n  

r a t e  o f  decrease apparently r esu l t s  from a change i n  t he  s o l i d i f i c a t i o n  
L 

pat tern a t  approximately 8 inches from the  end c h i l l .  The pronounced 

reduct l on i n cornp l ete  reversa l . f gi i gus strength occurs a f t e r  t he  meta I '  has 

remained a t  o r  above the eu tec t i c  (1065°F) for, roughly, 300 seconds 

dur ing the "progress i ve sol  i d  i f  i c a t  ion process (see tab l e  2-4). 



COMPOSITION OF A356-T6 FATIGUE STRENGTH TEST COUPONS* 

ELEMENT COMPOSITION 
(PER CENT) 

SILICON 6.9 

MAGNESIUM .47 , 

TITANIUM .20 

IRON .13 

BERY LLIUM .05 

ALUMINUM REMAIdDER 

+DETERMINED BY SPECTROGRAPHIC ANALYSIS 



TABLE 2-2 
TE NSlLE PROPERTIES OF4356-T6 CAST ALUMINUM AT VARIOUS 

DISTANCESFROMTHEENDCHILL . 

- DISTANCE 
F ROM CH l LL 

(INCHES) , I FTU* 
' (KSI) 

'LATE B COUPONS . 

FTY * ELONGATION*+ 
(KSI) (%.) 

FTU * P 

* FJU = ULTtMATE TENSILE STRENGTH 
FTY = YIELD STRENGTH; 0.2 PER CENT OFFSET 

- ,zi!g 7 d MEASURED 8~ FIT-BACK, GAGE LENGTH = 2 INCMES 



TABLE 2-3 
COMPLETE REVERSAL FATIGUE STRENGTH OF CAST 
A356-T6 ALLOY AT VARIOUS DlSTANCES FROM THE 

END CHILL 

I DISTANCE PLATE MAXIMUM MEAN ULTIMATE CYCLES 
FROM CHILL STRESS STRENGTH TO 

(INCHES) (KSI) FAILURE 
, r 

J 35.0 70.0 6,m 
G 30.0 60.0 I 26,800 

C 25.0 50.0 3&,850 
0.5 D 25.0 59.0 86,300 

H 20.0 40,O 219,150 
A 20.0 40.0 223, 400 
F 15.0 30.0 . 1,064,!iOO 

J ,  
- 

I 35:o - ' . -- - 70.4 5,300 
G 30.0 60.4 w&oo 

1.0 D 27.5 55.3 54400 
J 22.5 47.3 152,m 
F 17.5 35.2 . 243,400 

H 17.5 35.5 389,109 
1.5 G 17.5 35.5 217,lm - 

I 35.0 71.4 4,800 
- 

- - , I C 27.5 56.1 55,500 
8 - 
.y - H 25.0 -, 51.0 E. J,l-b'8.--J ,l- 

59,300 
$, , A;~. k - 2.0 F 22.5 46.0 121,300 

8. . 
L - E 20.0 40.8 174,400 

D 17.5 35.7 539,400 
G 15.0 30.6 419,000 

H 35.0 72.8 3,m 
I 35.0 72.8 2,400 
C 30.0 62.4 29,450 
F 27.5 57.2 43,000 

' 3.0 A 25.0 52.0 51,400 
E 22.5 46.8 129,200 
J 20.0 41.6 140,400 

, B 17.5 36.4 169,200 
a 15.0 31.2 381,700 
G 15.0 31.2 

\ 
332,700 

I 25.0 52.5 32,000 
F 22.5 47.2 91,400 

3.5 D 20.0 42.1 153,800 
H 17.5 34.6 432,700 
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DISTANCE . PLATE , MAXIMUM EAU ULTIMATE CYCLES TO 
.FROM CHILL STRESS STREWTH FAILURE . 

(INCH ESI (Kg) (%I 
L 

0. 35.0 87.5 , \: .w ,.. - 
0 35.0 I t 17.5 100 
C 30.0 75.0 1,700 
I 27.5 : 69.75 . 2,m 

9.0 - F 25.0 625 - 
H 22.5 56.25 

59.0 
, . ww 

E 2Q.o 37,m , 

A 17.5 43.15 EO,sOO, 
J 15.0 37.5 1*7@ 
8 12.5 31.25 i§9,1100 , 
C 35.0 90.2 158 . ;' 4 8, 

D 30.0 17.3 1,650 ,?,, .. 
9.5 B 25.0 64.4 51- 

I 22.5 s+o 11,m ! 

H 17.5 . 45.1' ' . , s.' 51,600 . 
, F 15.0 38.6 132,aoO . ,- ; ., 

I ' 35.0 93.3 SOL' ' ' 

C 30.0 10.0 100 
H 27.5 73.3 700 
A 25.0 66.6 3, 

10.0 B 22.5 60.0 11m 
1 

E 20.0 53.3 @,9@ 
F 17.5 46.7 611,700 
G 17.5 46.7 47,400 

81,m 1 15.0 40.0 

I F 30.0 826 380 
I 

H 25.0 68 J Z1 100 

10.5 C 22.5 620 1,2450 
G 20.0 55.1 11,600 
B 17.5 48.2 @ I N  
D 15.0 31.3 az,s~e 

H S.0 lOQB -...a 

C 30.0 S.7 6 to0 
G 25.0 71.4 2,700 

11.0 A 22.5 64.3 1,450 
I 20.0 57.0 n,m 
J 11.5 50.0 #,5W 
F 15.0 42.8 96;700 



TABLE 2-4 
EFFECT OFCOOLING RATE ON COWRETE REVERSAL FATIGUE STRENGTH 

OF A3S-TC ALUMINUM ALLOY 

DISTANCE MEAN TIME TO TIME REMAINING - CHANGE IN STRENGTH - 
FROW CHILL REACH 106fP F AT 1065°F RR LOG CYCLES 

(INCHES) (IN $ECOI(PS) . (M SECONDS) 
PS I PER CENT 

I I 

*. 
I 

7 

0.5 TO 2.0 30 Q -962 -19.3 

9 11 3.0 TO 4.5 17s 10 -907 -19.3 - 
111 10 TO 6.5 230 

e 40 -889' -19.6 

230 tV 8.0 TO 9.0 loll -706 -17.4 

V 9.5 TO 11.5 23Q 190 -569 -15.4 



SECTION I l l  

STUDY AND DEVELOPMENT OF 
PROCESSED MATERIALS 

Th i s sect ion conta i ns a s u n k r y  of i nvest i gat ion 

and t e s t s  performed t o  develop processed materials 

f o r  use i n  the Saturn S-IVB program during the 

current  report  period. 
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V k  wwk w a s  dgvided 'into two p h m *  P h a s  31 cmsistied $)$ fesSs dej- 

slgrred 30 sllmimts allr W *he m S  sultc&Ye mteriajs, C b  cmsisfed 

- I 
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--- - - Twc types dt odhes i M systems rere se l Kted fa. Phase i 9os-P ing: 
{.-..'ZL . 

. a, Teqra-tum ttF;TT $ eer i ng, *we cchpan&nt pastes . . 

.b, Strwtw-ra! adbs iwe  * E lm havlfucr B mxinum wros t 
af 350'6 

, Tiqe rmbprials selrctaa  and +he manufacturers ore l is tsd i n  Table. 3-1. 
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Spec i mens .of each of t h e  RT cur ing pastes were subjected t o  the  .f o l low l ng - 

t e s t s  : 
* .-e-:. .> $j 

a, TemsIEe! S M B ~  @@4-T6 c l sd a l mi mnr she& f ;--?$:g& 
y ?  - 

1;2CB&Td elaid afkrm!m rt?reret;) ;'& b T-pmI I . . -  * ,  

a. Temslle 9Mmr (2024-T6 a l umi num s hssS ) 

b. 7'-peel: (2024.T6 a l um i num sheet ) 

c. Tensi le strength (one inch diameter, c y l i n d r i c a l  aluminum buttons) 

d .  Thermal shock (aluminum and Teflon, TFE, bondized) 

e. Climbing drum peel (2024-T6 aluminum, Heat Resistant Phenolic 

(HRP), and aluminum core) 

3.1.2.1 Tes-t Resu,lts 

As a r e s u l t  of Phase I test ing,  the fo l lowing adhesiws were selected 

f a r  Phase l l  comparison studies: 
C 

a. EC 22 16 B/r, mod i f ied epoxy adhes i ve paste system (RT cur ing)  

b. Narmco 7343/7139 polyurethane adhesive paste system (RT,curing) 

c. AF 300 modif ied epoxy adhesive f ab r i c  (350°F; maximum cure) 

d. FM 1000 ny l on-epoxy adhes i vc! f i l m (350°F maxi mum cure) 

e. Metlbond 400 adhesive f i l m  (350°F maximumcure) 
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The RT cur ing  pastes selected from Phase I were ~ & p a r e d  w i th  t&k&*ld 

IO;/LM 52 by t he  f o l  l ov ing  tests:  
I 

a. Tens i le  shear (-423°F t o  +250°F) 

- C. Tens ion, sandwich specimens (-423°F t o  +2506F) +r-- -. 

* . . 
U- . =. #.- - . , d. Creepand fa t igue  (-320°Fand RT) 
r - . . . - -  r c .  
,l , 8  ? '-> A;, : - r* . # #  .. ' .I :I- . - .,-1--8 -.. 2 - ? .  x 8 , - . % . - . > n  r ? ,  .? - - .  - - . - 5 i - , - >  1. - ' - . ; ) b : . . . . .  

.-,.. r i , . , r . ,  : s.7 ,,<,\7,:'-., .- 
. . .I' .. - 

3 - 8 8 . .I>.;. I 8 - - , - , . , . _ ,-,. :k, +>,- ~.$~>;LL? . .Y  .; - - 8 -  ..< , . 
The 350°F cur ing  adhesive f i lms  selected from Phase I were compared w i t h  

HT 424/KT 4248 by the  fo l low ing  tes ts :  

a. ' Tens i le  shear (-423°F t o  +250°F) 

b. T-peel (-423°F t o  +250°F) 

c. Tens ion on HRP core (-423°F t o  + 250°F) 

d. C l  imbing drum peel (HRP and aluminum c&e) 

e. Creep and fa t igue  (-320°F and RT) 

f. Flexural  shear (HRP core) 

3 l . l  Curing o f  specimens 

A l l ' o f  the adhesive f i lms  were cured i n  an autoclave w i th  a pressure of 

50 'psi. The temperature was ra ised from ambient t o  350°F i n  30 minutes 

and held a t  t h a t  temperature f o r  one hoar. A l l  o f  the pastes were cured 

f o r  a minimum o f  three days a t  room temperature under a load of 2 1/2 
I 

pounds per square inch. 
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Teasilo shear tests mm $a a htcliwfn +awroill;e ttt4ItPlq rrar=hlns, q p  
using a I d  r8:T-e af 12pOts IrXrOD m & s  @er rnkn&e uflit tatlure of the L:  g 

I&,.! 
sp.~ssimn T-paaet specimms mm pubfed i n  s 'Xrwqing Jig using fn 3 

g.. c 
zl jawr wwrat iw rs*e o* 20 to  24 i t t ~ ~ ~ s  g g ~ r  A I ~ W ~ I  4f ~i .run4 *BO~F. cL! -! l 

A t .  -42SaF, X k t  Jh a9Im rate w s  ). 4EJ2 '$nebs per rniwt-9~ C4i*ir@ 

drum -1  tests warn perfwmmd rn &ll& En Mit-&-ZS863, Tensfle specl- 
1 :i 

rfmr$rrs a$ -45°F f o l l m Q  by lipF13 MIWILES 8% +t61=t*F. tms of adbs'ion 

was determined vlsuel ly.  Creep t e s t  specimens wer? loaded t o  500 psi i n  
I '  

a compression type, creep tes t ing  j i g  and tested a t  RT f o r  192 hours; &j 
-32W f o r  24 hours. Fatigue tests  ware perfarmed under o laad of 1800 

$5 
p s i  using 1000 cycles per minute u n t i l  fa i lure.  The sandwteh tens i le  q: 

specimns were loaded i n  tanslon a t  the ra te  of 400 pounds per minute $' (? 

unt i  I f s i  lure. FM RT f lexura l  shear test ing,  the i d  m s  oppl led at ?-: 
midpoint over a s i x  inch span a t  the ra te  of  1200 pounds per minute, At 5': 

-42?i°F, the load was applied so tha t  h i l a r e  would =cur i n  t w o  t o  three 

m i  nutes. 





T . .  . - 





TABCE 3-2 
PROPERTIES OF RT CURING.PASTES 

TENSILE SHEAR IN PSI 

LEFKOWELD ' 
TEMP 109/LM52 

,*A = ADHESIVE FAILURE' 
C = COJESlVE FAlLU RE 

I 

T-PEEL I# POUNDS RR INCH WIDTH 

*A = ADH ESlVE FAlLU RE 
C = COHESIVE FAILURE 



TABLE 3-2 (CONT'D) 

# +. SANDWICH TENSION IN PSI-HRP CORE 

LE FKOWELD 109/LM52 EC2216 B/A TEMP . NARMCO 7343/7139 
OF TENSION FAILURE* TENSION FAILURE* TENSION FAILURE* 

-423 189 AF 232 A F 423 F. 

- 3 i 0  220 A F 28 2 AF 422 F 

-100 275 AF 258 AF 382 F' 

R T 227 F 180 F 164 F 

+i8a  94 F 62 AM 120 . F 

t250 38 . AF 36 AM 6 7 90% AM 
10% F . ; 

b.?. 
, 

4 

*AF = PARTIAL ADHESIVE FAILURE TO FOAM 2 :  

F = FOAM 
AM = ADHESIVE FAILURE TO METAL 



COMPARISON OF TENSILE SHEAR OF ADHESIVE PASTES 
AT VARIOUS TEMPERATURES 

= NARMCO 7343/7139 
0 = LEFKOWELD 109/1M52 

o-----a = EC221VBA 

TEMPERATURE ("F) 



TABLE 3-3 ' 

CREEP AND FATIGUE IN RT CURING PASTES 

e 

.c 

ACTUAL CREEP IN INCHES+ 

TEMPERATURE (*F) 
ADHESIVE 

RT -320 

LEFKOWELD 10VLM52 3.4 x 1 0 4  3.0 X 10'~ 
EC2216 B/A 10.4 X lod 2.5 X lo4 

I NAWCO 7343/7 139 95.0 X lo4 128 X 10" 

'500 PSI COMPRESSION 

L C ,  

..-d . - -. 
.-c --- 

.q . .. . 7 :. : 
FATIGUE STRENGTH IN CYCLES TO FAILURE* ! 

?'1'.' .kv b - - 
h 

LEFUOWELD EC2216 NARAICO .? 
TEMP 109/LM52 B/ A 7343fl133 
"F - 

VALUES FAILURE VALUES FAILURE VALUES: FAILURE 

BOND 150 BOND WILL NOT 2,940 .-- 
RT 3,850 BOND 388 BDtCD ---.- SUPPORT 1,800 

4,200 BOND 40Q EON0 -...-.... PSI AT RT 

I .. KIND 
' 21~500 POOR 100 BON D l10Qo,000 NONE 

-320 + .-.- ALIGNMENT 100 0ON D 1,0(fQ,OOO NONE 
604,100 ALUMINUM 200 BOND l , ~ , ~  tiONE 

6 

' 1 , W  PSI - 1,000 CYCLES PER MINUTE 





6. .. 
I Y - -  

I*.. 

, >,-,: if- 



- - .  c- - . TABLE 3-4 (CONT'D) 

HRP CORE TENSION IN PSI* 

*Y16 llCH CELL, I Y L CORE 1/2*lNCW Thtf!K 

**A = MHESlVE FAILURE 
C= COHESIVE FAILURE 
HRQ = CURE FMLURE 
CF = coaE TO FAGIRG FAILURE 



COkIPARlSaN OF TENSILE WEAR OF ADHESIVE 
FILMS AT VARIOUS TEMPERATURES 



CLIWIWG DRUM PEELAT VARIOUS TEMPERATURES. : 
(AOHES IVE Fl tA(S) 

# 

.A . - 4  







I) 
w.., " FA- 

-< - - -, 3 .-; , z*;.' - 
- *c - 

, , TABLE 3-6 
CREEP AND FATIGUE IN 350'F CURING FlLYlS 

ACTUAL CREEP IN IHCHEP 

TEMPE'PATURE 
ADHESIVE 

RT -3B°F 

HT424/HT4240 10.2 X 10'~ 2.58 X lo-' 
2.6 X 1 0 ~  2.29 X lo4 FM1800/BR1W19 

hF360 4.1 X lo4 2.25 X lo4 
1 

FATIGUE STRENGTH Wi CYCLES TO FAILURE8 





M%428., Type I I amy-pMm1 ic Cul~~li~pmr"tlg$ f f l m l  and N-424 f i  Irn 

10.17 lb/ft2,. supported1 were selected fw  tes t ing  i n  ccapsrlscm with, 

t%ue Type 1 ,  t w o  c 

pard with  em& aa-f $he mfer i j ls  to &$smnii.w l i r  thw splice Jlsint 

c@!d be fwbne& 4 j w l P a  ly  w f t h  )he cure 0% s mxe-+cc-f.aelq h n d .  
* 

$ 

Sem$ulch s ~ l m e n s ,  4 i r i cbs  by I2 1~.chss, with tmfigwatSms as 9hmm 

In figure 3-4 WBTB fabri~ateid with 202444 dlctad a l ~ ~ ~ l i m  f i ~ ~ i r ~  shut. 
a .  

and heat rislstsnt; pknolic WP) eom mtsr le l  of B pound cke~sl-ty. Thet 
I I 

. '  fas;$g k*-t of each s~ey~iarasl~ UBS c&* w i t h  mf-4240 pslmr, 

*hsm cavered ui3%*KF-r024 (0.17 lb / f t21  s ewlhamtw, Two blocks of 

W toan wie inch thick wen plecsd  on the s d t v ~ s l w  =bet ,  I w y i n g  118 



The facing-to-core bonds of one group of specimens were +heh cured under . . . . 
pressure i n  an autoclave, a f t e r  which the  spl  ice' areas &or. h a l f  f i l led . 

# 

w i th  the  t e s t  foaming m t e r i a l s  and cured separately i n  an &n a t  atmospheric ' 

b..,t .. 
pressure. The sp l i ce  areas of a second group of specimens were ha l f  f i l l e d  

! . '  
w i th . the  t e s t  foaming mteri.al;, aft; which t h e ' s b l j k s  e n d t h b  facing-to-core' 

, .  ! *  , - 
bonds were cured simultaneously under pressure i n  an autoclava. The top - 
fac ing sheets' were then-bonded t o  the specimens of both groups t o  complete 

the  sandwlch structure.  

-TI ' c i 

. . \.'" . 
1,- - 8  - , . 3,2,4! Tee$ Psaiciedur~s 

- 
8 .,. 1 8 8 .  , 

.I' I - - - - .  -. .-, 
-r .. 8 .  - - I .  

. J '.- 
T'tm sandwS~SS ~ p e c i m a ~  Q+ b ~ f h  grwip~ ~ e r e ~  tested In #Bexltre OW a s i x  

- 7 ; .  ' 
- L -  

Srch span wl*h a single win* I& a p p l f d  a+ a mn~taprk tat6 as crus-kktrwrd 

i lstcad in Table 3-8 cnd Table 3-9. 

W r l q  the eplieo and *he c w e - i o - f w i W . b d  s iml *a  1 y w r  ppe~wre 

w i a s t y  m t s S r I ~ * e d  the flaaralw zatls~ of Phs Type f fcma as wl l ai t-lm 

supported f i ln adhesi h, prad&i np voids at the ume; surface of the doifit. 

These voids m8uItE?d i n  buck E lng  of the upper fskc ing surfwe under I'wd, 



f l y  W f e r  t h e ~  r b ~ r t l t g  Ob+bilWd rl.3.h 4 - h  &hes'hm a d h ~ ~ l ; w s ;  .iCm' 

not s u f f i c i e n t l y  superior t o  outweigh these handling dif f icul-kies.  The 

common bulkhead but t  jo ints  w i l  l continue t o  be spliced with t h e  Type I 

material and cured separately. 



COWFIGURATICW OF HRP CORE SANDWtCEt PECiMINS 

A. SPLICE CURE0 U D E A  
PRESSURE 9WLTMEOUSLY 
WITH CORE-TO-FACING BOND 

0. SPLICE WMD SEPARATELY 
AT ATYOSPHERN: P R E S ~ R E  



TABLE 3-8 . 

FLATWISE FLEXURE OF SEPARATELY CURED BUTT JOINTS*+ 

C .  

~ C E  LOAD AT FAILURE ' FLEXURE STRENGTH MODE OF 
YAlel(lM. '. (LBS) m) FAILURE* 

- - - 
I 

lM 2 17 CB, A 
I 

1340 2lS 4 s P 

HT-44 FQkY 
TYPE I 1336 21j 4 s s 

1360 2UII 4.w 

1335 234 RS 

tIT-424 FOAM 15 10 242 C8, f?S, A 
TYPE II l657 as6 DS 

1565 25 1 D S .  0 

. 1135 2 6  2z - *  - -.; A, s 
H T 4  FILM 15s 215 DS 
(A17 LWFT') 

1695 pt -. '  M 

1635 262 DS 
J 

, . . ' , _  . . . -  1 

1': ,',:A: , ., , 4 ,'.,#;I 

I , i' 
I ' 
' *'C6= GOWN, BUCKLING 0.F 6URE FACW 

US = DlkOOMAli CURE WRETCH MD SHEAR 
A= MME~VE F~SELURE AT FACIM OR CORE 
S =CORE SHEAR 





5,s EFUrrkWTtm W S~UbAME FOR CRYWMIC APRhl4XT8W 
I 

4 

A wmP& 

7F.le fzrtlc~rr9ag two M, E OO plet ~cen*  sal  Eds, p a  F ywmtham I#DII)'I''I rm F s 
'8, 

r 

vor* tested: 

dr WPRJC~ 7343 f4amm In@~~.s*rtes 

b. PR=19Qb, s s r s t i t h i m * ~ l c  Pr~&&s F&~oal"sh&b,~ 

€ienerat ESiwArJc Go. 
1- 

Gerwarat EfwQric &.- . r 
-. 

M l n n W a  Wining and Mg. Co.; 

I 

@:,pch mtwjsl was east i n  I f8 twh  S h k k  sh"8Bts and cwed I h T r l y  days a t  
* 



-L 
/ 

. .. . . -. . - - .  - - - . , .- - 
T n d y  S ~ I ~ U H  each a h r i a l  *.r@ Oie cut as 6.scrlh.d i n  F.d.rsl  st 

T-lsnc samples of e a c h  ~uaSesial were applied t o  anwdizsg, plrimci SO1S-T6 

a! mSmm stwet and ~ w e d  t h l  f i y  day% sif ram 9gmperatl;rre. 

3.3.2,4 tow Temqmrsture FlsxlbtClty 

Five test specimens of each material were 

between two p r i m d  7075-T6 anodized alum1 

pressure for 16 hours a t  room temperature 

temperature without a p p l i e d  pressure. 

$ I *  speclcaens of each material wem cu9 f m  the I#€$ i n c h  th!ck cured 

sheets p r e p s r d  for th. tmst le  strength and ealongatlon ?&'is. 

Cow tempra.)ura flexibilfty was iested a t  -404°F and -3T.0°F. 



c . .  ',-32(r~ (after s d l ~  i n  ftqutd 'nltrogaal 
* 

dm -4;UQF (after soaking ta Y0q~Sdi hydr 

'The lap shear strength was determined per Federal Test Method Standard 

, 3.3.3.3 Adhesive Tens,ile Strength 

The abhesive tensi  Ie  strength o f  each material was determined as out1 ined 

i n  Federal Test Method Standard No. 175, Method 1011.1. 

3.3.3.4 Low Temperature F l e x i b f l i t y  

The test  panels were bent over a . s l x  inch radius mandrel t o  determini 

f l e x i b i l i t y .  Flve specimens of each material were fested a t  each tes t  

temperature (- 104°F and -320aF 1. 



4,3.3.5 Impart Mat s42mco. 

, 

3.3.4 Tsst fbrults 
h 

The t e s t  results are l l r t e d  i n  tables 3-10 through 3-14. 

33.5 CsnsEwstams 

The t e s t  results Indicate )hat the polyurethanes are s l i g h t l y  m r e  sst is-  

factory a t  cryogenic temperatures except for  lap shear strength and 

f l e x i b i l i t y .  The sil icone:sealants apparently reta in adhesion adre 

s a t i s f a c t o r i l y  a t  cryogenic temperatures than the polyurethanes. No 

fur ther  investigation i s  deem4 necessary. 











TABLE 3-14 
IMPACT RESISTANCE OF P0LYURF;THANE AND 

SILICONE SEALANTS (-32QBF) . 

*EACH VALUE IS THE AVERAGE OF 5 SPECIMENS 



% a l w  mr&rialr ~ u r r ~ p p  tor usa tn th. hl@ w c u u I ' ' d v i m n n t  at 

spsa wu * ' :A mjw prabionr a-8- w f t h  slealnato Is 

ouSgasslng mdw high yarzlswrrwmdfflm. A stody has baen mdwMwn 

amxluum-~sefrrl t ra.ture u615 &twnined. Ha-PeriaEs giving th k s t  



' .  An InasTl~tlcm vras start& d i m t q  th* last t-Tt period ta d&emim 

' fb s~lfaZtilE$y at F%-B9E& s i l i c w r ~  seal&* I R d w k s  

BcrrbanrSk, f2aIlfwnia) tar uss In applicac*ianS requiting swpwiw tmr 

t i e s  tes ts  which were ca ip lohd during the 

surrmt repor t  pitrial. 

:.. # . , - -. 
, ., .. -r 1;: I.. . .  ,: .I, " . I  .-4., 

-. - 2 .  

a. Corrosion resistance - On QQ-A-283 aluminum panels immersed i n  
3 per cent sodium ch lo r i de -so lu t i on  f o r  
20 days a t  140°F 

b. Adhesion - To primed metal as out l ined i n  MIL-S-8802 

c, Tensi le strength - Tested per Federal ~ i s t  Meth~d Standard 
No. 601 w i t h  a jaw separation ra te  of 
2 inches per minute 

- Rex durometer hardness a f t e r  48 hours 
cure a t  75°F 

e. , Spc9fy  grmwlty - Determi ned per M l L-S-7502 
1 :  ;-. . , 

f .  Tear sSrength " -  Tested per Federal Test Method Standard 
No. 601, using d ie  'C" 



. IC- 

4~ Y 
2 

- %k as- 
- *- ' 

+ 4 9 '  

The atbr  phys leaf pro$mrfilers; of B? 1- are ~ t l e  *a jusqlfy 'ib use 

r h n  hlphsr tsar s h r n g t h  1s th mJa cons ldent lon  and .I I other' propert i'ei 
k 



TABLE 3-15 
PHYSICAL PROPERTIES OF PR-1960 SILICONE SEALANT 



- .  

'T.$h a t r e  .Wtab.i . . l i i y  of a r- tolp.ratur. vulcanlx ing (Rn) rl l l n s h h r -  
? ;"<':;. . . . I .  

sAl&i for in  t h e  ?eying ssrrfa@, ssc& 1 b%en *hs funm l m d  Stwt 
Y 

tuansl w a l i n g  p f a ' b  OZ ttm S a h  S-t?# sterga 63- fssm Q ~ W  af -this 

. * T'b 

specific grav i ty  of RfV-77 was &4@mln8d a5 the.awr&g~t of five s a ~ 9 e s  

It4 f.wR *hi& h*rn alurnIw sheet FO is lei ha,^ In dtmetar. The Shwe 

14At1 haRdms WS me8su-d after curing tlze spec Smssrs: for 16 M r s  aD 

rdtum i n  the absence of a b s p h e r l c  misture  and again sfter 

56 harrr i n the prerem ot stm&ph.r I; nol sture. Thp I*%& cai d.ter- 

bjnlng tterdnbss w l r h  the Share '"Avi durolmetitr ares per Federal Tes* Method 

Standsrd No. 601. 



1 

specff i c  gravity of t h e  rn~eriai was (IBbmICIOIJ to b F e 3 7 i  Pndt 
I 

t 
app6 Ecati~n t fm was s f x hours; t b  h r d m s s  a%tw 16 haws cure a? 

Share "'A 'qduraxiater hardness mar 47, The tens f la s$~errgth wa Y wm a+ +ha. 

p r l m r ,  has good adhesion and i s  capable of curing in  large sections In  

the absence of atmospheric moisture. I t  i s  suitable for the intended 

use and no fur ther  i nvestl gat i on ' i s  necessary. 



TAB<€ 3-16 * 
TENSILE SFRENGTH OF PRIME0 RTV-I7 SEALANT 

100 - COHESIVE TQ PRIMER 

50 - COHESIVE IN RTV.77 
8 - MIHESIVE TO PRII$EQ 

tiN - COHEqVE Iff ~TV-71 

~ o o  - cw E ~ V E  IN RTV-t7 . 

eo - A W J E S ~ E  i o  RUBBER SHEET 
10 - COHESlVE IN RTV-77 

-lOa 18 MO TO I95 IOB - ADHESIVE TO Rtl0DER SHEET 
i 



Dwi.ng tYle  las? report period, PR-t!#€l o i  l icom sea Ian* i 

,- - LA- - - 
f~ ~apabk~r QC m e  w i t M  a primer at 

L: . '>L 8 .. . 
- 8  - . . A 

- 2018""F. .Ow 1 r q  X'b cunmt  mpaP") per f 4, th &er S a t was Sestieid tcr d h r m  i'n3 (.-> - 8  . 

3.7.1 Test Pr-ocdkrrs 

Test spec J m s  ww-e cured a f  r063~) tempera0um w F th 461 per can* m be* -'f \lrzt 

huaaldtfy and t s s t d  a* +75'F, -1@*F, -32Qa$, a d  -KZl°F $@ ds-bsr,mlrrcr 

a, Tensile stmwh and per Federal Test Method 
slong&'ien Standard No, 601, Method 41 l l 

b. tap shear strength . per Federal Test e t h g d  
Standard ~ o 3  ':I %, ' Method 1033.1 

8 ' 

c, AdhesSw tenstls per Federal Test Method 
strmgTh - "7. .: - 

I ,  ! 
Standard No. 175, Method 1101.1 

. . 
Impact rtrsJsSawe specrimns metsurlpg 2 inches by 2 iwh$,by I18 inch were -. 
tested ~ h i j o  s r g d  i n  l iquld nJftrog*r uslw b GKdnor rhlpFt tester. 

eat* . 

3,7,1,2 F l e x i b i l i t y  

'_ 

A uniform coat lng of PR-1938 sea lent 5 0  nr Is thlck *as appkikd t o  a n d  i2.d 705 

aluminum test panels. Ptfbr curing, ib ganefs werat tested by bending ence 
I 

mW)r a 6 inch radius mandrel: a t  -ITXFeF and -220°F. 



Test results indlca'to that Pf?-J938 slllcone sealant i s  suitable for 
+ 1 I 

use without a primer a t  t.mperature$ ranging from +20Q0F t o  -XO°F.  

Previous experience has s h a n  thd* relative humidity 1; .%c&s of 
*. 

f 

4 0  per cent i s  de+r lmenta l to the m t e r  l a  l during the cure. * '; 

, ' j .  

*.@I,' - 







A t-t p r q a m  rac Oni?ia?ted r)etemlm %he srsttabillty of. thr- r)otIoar- 

Ing IrradIa-ted, heat shrlrrkabts, palyoliefin htblngs far these a p p l E c w t h :  

5-ldas of %he threg W i n g  ma-t~rials were subJect@d to t h e  Il.lssts Sad 

~ M ~ W Y # I R  raql~irements I fsSed in Tab19 3-18, 

3,8,2 Test Results 
e 

a A11 t h r e e  tubing materials am suitable far use as e lwtr ieal  ~ R S U I & ~ + ~ W .  

Sf%-34 tubing is not suitable f.w identification uf wires a d  wire ~ d t g ; ;  



PPin$ed.wiring bmrds used 5nt the Saturn 5-OW wsf b m M  rlOh serial 

I 

sistant to mfljc~ants ermd fungi, 1621 elec+rleal l y  m&duxetim, a d  O) 

b. 7% black it& 
73X whf$e ink 
422 black epaxy base ink ,  

l ndepehdent t nk Company 

sample of each ink was applied wi th  a rubber stamp t o  four pr inted 

wir ing boards ( f i v e  samples on each board). The inks were than dr ied 

, as follows: 

a. McB3 epoxy inks - 90 minutes a t  170°F 

b, 73X inks - 16 hours (approximate) 
a t  room temperature 

c. No. 522 epoxy ink - 30 minutes a t  250°F 









. - -  - .  - - . - . . - - -- 

3i%f Test PlBo~vItg t 

. ~ 

- -  p- - - - -  - -  .- -~ -~ - - - ~- 
- -- - - 

'Fw @-Ch af B D ~ W ~  PYS IS* $-* 1 q wy I 1 st& 1 n ~d #a 3-20. 

Epoxy haw inks &an  W sppr*clably ufE.ct.d by wlrmtr a *l. & E l  

Retu l ts indicate t h a t  the e k x y  base Inks. except fw No. 522 black ink. 
'L 

are bet ter  suited for  'mark i ng pr l nted w ir i ng boards than the other inks ''\ 

tested. Epoxy base i rikr ore now being used f.or t h i s  purpose i n  the 

Saturn S - l VB program. 





SsrtYnrrr S-lW gwnd mjulpm13n-t and tcl drltsrmlim atmy stgnltlcmvtr 

dlttsrrancas F R  tYnerl;unI Sty d th- w i r e  wrm$ osn * smm teFmlml. 

e,  Stripping fmp  
I * 



* 
4wd wrapping tml . T b  rsswtts eC salt spray ,$+sting ss-t i s - 

* 

f ac twy ,  F(- 3-5 shows the ccmtectws tmtmted f n )he sat+, spray  iank. 
" * -  - 

A 20 per mn-t safut ion uss used, The m u  tSs of kd'ripping t ~ c e  h s t s  
I 

were mbte  tw a l l  t h r e e  u i r o  wrap Eovels. .I 

' 8 '  

****- - 

. , ! *  
S a t  der l m s  w i lm *rap comet tans &re apparent B y w*isfact01ry . f ~ r  use In 





*tically no flexibility when cured using the rarcorrraendgd.clutlng agent 
v 

t4,4" mtkfthylarte stjbnillry). ~ncrss$lgdim cm*irsEcgd dvr lng  ths eucrmwt 

mpm.t p t b c u d  to f in.$ a mww 9ffieien"F wws Sinking agignt which would 

laref the second ~r$er trerrsi.fioar paint  aFKS tRererby i m p r ~ v ~ s  lm tempera- 

fur@ f Xaxibl l Sty. 



, ,  

i .L ' '. , v " 

T I indicate that the tnetulnoss of 'ET-9 Is dwbt fu l  t n  cr 
, . 

.&l lng, a'pppl.i&a?lom. Tha relstlve hlgh rcW wQer trarrititm :tmp-  
- .  - ,  - .  . . 

., .. 1 . 
i m t u r e  (254% tc .2& 1 of th. pal ymr, fwmpar~d t o  oth& eiastdnr(o ,-, * . . 
lI**k~iali, . .,. _ >  mmkes it a aoccndsry c h i &  far further invsstfgation; . , 

\ ' 



lw Wf build-up, a K mfrse. aC lese than f31W/Rr.J(fP.la& and e 

t'ke a ~ b Y S . n  p r u p d y  mfues ws9 be retained i n  a high 
e 

L 

%crsra Y urtds, using ;butyl, 

' , . , , , - 
1- 

. , .,,.A . .,- ,, -: . - - :i.,.-. "' .- . . , , , . - , - i  ,; - = - - .  . , - T - .  

... - ,,. :. + - ' - .- 8 +, ' - .  ;- 1.' . ,  8 -- .=. ' ; ' :::, . ,  , .- 
. - -  . 1 :  .,: . ' I  : 8 .  -, c a - --. . - - - % . .  * . . 

. . . a .  . ., . - -- I . - , . .  ,- - . r * . .  -, . > & ' I .  

%st rssults to date ind lcde tho/ the-butyi +M has tho bitst vi i in -  

t lam nlng properties. Several adhnkrsivlgs are k i n g  tesfed 90 tCnd S b  , 

m t  szaV*a.ble mf=erleS for banding c u d  butyl tubber t o  the stainless 

s t m l ' m l d i z e r  Tank. EC-2216 apaxy adhesive C M i n m t a  Mining and Wg.1 
? 

was tcrsf& and found -Po Iza- w r y  IW band strength k ' h w n  b d y l  and 

stainless stmi. A folmnf bass adhsive,  s w h  as EC-1689, grtxlmms 

good band streng-th bkrt taapF.eQe m#ml of volatllss is  m@cesmry fw hlgh 

~ U W  use. 
( .  

I t  . 
* 1 



Iws r i l l  k tmtd w$ss a&wkl high %mw.um craPdiitlorn &*@la * 



E t ~ t m m r l c  m$srlais capable o* exis"ti.l.lg fn  Iiquld; ptaptlant's a m  needed 
J 

ta (2rings, seals, gaskets. an6 th fabrication of sn axpulsion bladder. 

3.13.1.1 Exposure i n  N704 

. 
i' 

The following materials wore tested i n  %04 and discarded because of ex- 

cesBive deterioration: 

b. M-863 EPR compound 

c. 846-80R buty l compound i ~ l a s f  ies and Rubber Products Co. 1.l 

d .  0-496-7 butyl  compound 

I . 
(Parker Swl Co.) 

6 

A butyl series and an EPR series, both compounded by Douglas Aircraft 

Company, were tesSed and d f scarded because of excess i ve l6ss of' properties 

snd PW. 4 l l n). The Hydropol . base eclpounds p r ~ p a n d  by Doug l as ~i rcraf t  

165mqmny t s w  is,sw o w  of- t h  i s  m g o e  I shaur m s a n s ~ b  I y' +dent Ion of 



A polybutadiene series and a neoprene base compound, both prepared by 

Douglas A i r c r a f t  Company, exhibited severe loss of  propert ies w i th in  24 

hours exposure t o  the l i q u i d  propellants. 

P las t ic  f i lms  which have been exposed are as follows: 

# a. Acl ar  (pol ycsrbonate 1 Al l i ed  Chemical Co. 

good retent ion of propert ies 

b. FEP Tef Ion du Pont Chemical Co. 
I 

good retent ion o f  propert ies 

c. Mylar (polyester) du h n t  Chemical Co. 

deteriorated completely i n  less, ?hail 24 hours 

3 4 3. I 2 Exposure i n Mixed Hydraz i ne 
I ,  

I .. 0 .  

~ i x e d  hydra l i  ne 1,s much less severe than N204. Almost a l l of  the mter  i o  l s : 

tesrl.ed retained 75 per cent o r  more o f  t h e i r  o r ig ina l  propert ies a f t e r  one - 

week exposure a t  room temperature. Materials exposed t o  $04, and deter- 

m i  ned toi be reasonab l y res i stant, w i l l be checked i n m i  xed hydraz i ne. 

3.13.2 C~nclwsion 

Materials such as Teflon are not pa r t i cu la r l y  suited f o r  use i n  expulsion 

bladder fabr icat ion as compared wi th  elastomeric materials. Investigation 

w i l l  continue i n  order t e  develop addi t ionbl~rnater ia ls  f o r  use i n  N204 

and mixed hydrazlne. 



3. I 4  EVALUATION OF HYDRAULIC PACKING AND SEAL MATERIALS FOR HIGH VACUUM' 
ENV l RONFlENT 

- 
. - - -  - 

- i-. J l  ' 7 

tar* r a m )  make the, rsaterirtit marginal foc use i n  the high w m  - low 
1 : -  r - . - L 2  
. =-.>'I - - 
--+., , . ;;L , ; : 
. - - 2 -  8 , s  

wssing and flsxibillty-lmo t i ~ m  *asgrt&ura. A *es=tTpregrwnrr&s 
. - 

i n i + i a h d  Po PIM materials vhfch waqld p r w l h  nth1 lsak;age a@d tw 

j~rbved nliabii i t y  v d e r  high ~ c u u m - i w  t 
j. 

fused as conSrol) 

b. 5R 269-75 poly~l.gShien9 

c;. !Of30 - 70 s C l i ~ a p v g  

d, laYa - 80 sl'licatrat 

9. Yitm la tempsratutrr rubber 



and t3r sl ippw -Pyp  warn sel fiQlr +=*lng in -Jum*lcn wI*h *b 

.(plnrlqgs lis*wI a h # .  

3.14.2 Fu'ture Testing 
. t , .  . ' , <  * ,  

The d inens ions of the 0-r i ngs " i I I be recorded* end t e s t s  w i I I be con- 

'ducted I n a suitable testing apparatus. Resu I t s  w i I l be presented i n  a 

la ter  issue of t h i s  report. 



. Each materi a I' i s sub Jected t o  a series of impacts under LOX us i ng an im- 

pact testing machine. The number of impacts and force of impact vary 

w i th in  specified l imits  with each type of materiat tested. 
C 

1 - L 
- 

3,IS.P TmP R T s ~ f t s  - .  . . . .- _ _ I Y  

- J ' a . :  

A t i s t  of m & ~ i a f s  r~rc@n*Py found *a be c f-ible in 1~ f s  c w a t &  in 

TaDte 3-21. Additional a + a r i a l s ,  tested durly) the jar* reper$ pwlod. 

~ l v a  cm-taimd In Issue me of this re&* abcsn*ly ?terf-kd materials 

.&teminledI to bs imannpatfble rfth LW are as follsus:' 



* . .' 
3 .  ! *  

I n  add it ion t o  the abovi m t e r  i s  l s, SKL -4 spdtcheck pnqkcant sol  v t  Ion , , ., . ' 

. * .  
(Magnaflux Corporation) was determined incompatible i n  concsntraSed form, 

It i s  cur ren t ly  used, however, in  a 3 t o  I solu i lon w i th  water f o r  detecting 

cracks, ' The d i l u t e  so iut lon has h e n  tested and, as previously reported, 

Is constskred impnet compatible with LOX, 

3.15.3 Conclusion 

Testing t o  determine LOX compatible materials w i l l  continue i n  the future 

as dictated by new, design required materials. 





SECTION I V  

DEVELORENT OF PROCESSES 

~ecent '  progress made i n  the development . 

of  new production processes and the improve- 

ment of  ex ist ing processes re lated t o  the 

Saturn S-IVB i s  s u m r l z e d  i n  t h i s  section. 



aggd. Tests t m d b s d  on bondd cold plstes haw s b n  $he mti;hPd %i)o Lre 

sotisfoetory. Flstness ot the plates cah.6e held to w i t h l n  .&3 iwh 

gver i c~alar& m o  of 22 inches by 41 inchas. The resuff$ aS prsssune 

&-w tests,  ipisgf Tt~sls, a d  burst t+sSs exceed deslgn cri-hria, St- 

plates srr to be made tron t reat  *reatable.-slunl&a, a)toy. the 

bug  1 a% mcuu-f ic process was p cP as a& sl+erwte method @f 

jalning *he defail parts nC tb plates. The k & S g  promas doe& nrst requilt 

the &s of cleaning tluloes cmd t he  lntcirnat design rirt pl&e i s  such thf 

~hemieaf milling and brazing tlacknikues ~w.Id, e a s i l y  be 'usPcl In pW$w+letr~ 

. . 
, A t e e  prqaain was initiated to establish PIW!UG?IQ~~ teasibflity. 

Four ram I I ,  srsmp l a cal d p fates were produced by the vwmmat lc process 

1 , us lng number 2% Err- ing 5h4w-k tctmde by !ilcoa), t o  the rasutto lab- 
- * 

-1 1 :  %aim& with the f i r s t  three samnpte cold plates, d l f  icd-ions of ttvs . L 
process a M  the bratinq f ixture ware inczarporated b f o r a  psqducing m d  * 

hm1t jlraa9tnq the fr~uN.h sample. This fmr.)h sample ww .then tested 

$a da$erslsine the liquid pressure drop from the inlet to au4te-f. * 



The braz'l ng sheet (number 23, type 6951 a1 loy) was tested t o  determine y ie ld  

s t  r4ngf)!, u l t i m t o  strength, and s l ongat I on o f  t e r  heat treatment. 

a.7 The pressure drop test  resu l ts  were sat is f  act&. Strength levels of 
. - 

sheet ar 
- . -  

#ted, i n  Table 4-1. Warpage of the per t  occurred 

during the solut ion (heat t rea t )  process. 

us ion 

The Doug l as vacuumbt ic braf i ng process i s  f eas i b l e fo r '  product ion braz i ng of '  
i 

Fk the Saturn 5-1 VB cold plates. The braz ing sheet strength levels a f t e r  heat 
' ! 

p. treatment mset.design requirements. Warpage, however, which occur$ during 
b? 

4 ,  ,heat treatment of the par t  must be eliminated or  substantialy redumd. 
5' 

'" Future work w l  I I be done t o  re f i ne  the so lut ion and aging (heat t r e a t )  processes 
' 

&! 

-4 

warpage. - . . 
8 8 :  . I' - 

. . .I I. 

.+a. . r .  
i I t . .  , . 
. . .  * 
s+ S 



TABU 91.1 
STRENGTH LEVELS OF HEAT TREATED 6951 8RAZl)lC WEE* 



wtlr rere c&h*t.d during tb last repcrt &ld to &?sin dsta courinp 

fwiqmwtures, Yensits openclnaans clon4:alning shallw  racks up So: 4tCKJ fmh 

in depth rere prepared fcr t+s+-Sng &P raos, bmperad-urs and 423'6 Cswt 

4.2.5 Addit ions 1 Rc~resr 

Tensile %est4ng of Xhe welds i s  ~ K M  camplete. FfactbgraphFc and micro- 

- scopic 6 t ~ d  lws of the w l d  ~Oructurt, am currently i n  progress. Upon 

csnrpletim of these studies, the resu l ts  w i l l  be rrsjqted. and preswtsd 





aluminum weld deposi t  w i t h  low i r o n  content,  and (3 )  a t y p i c a l  2014-T6 

aluminum weld deposi t  w i f h  normal i r o n  content.  B u t t  welds, o f  t h e  

Saturn product ion type, were prepared us ing  both standard 4043 aluminum 

e lec t rode and t h e  low i r o n  content  e lec t rode  drawn f rom ingot  number I. 

D u c t i l i t y  t e s t s  were conducted w i t h  specimens from both welds a t  -32I0F, 

Bad-on p l a t e  welds were made w i t h  w i r e  from ingots 2 and 3 t o  compare 

a l l we I d  meta i tens i l e spec imens o f  low and normal l r o n  content.  

4.3.3 Test Resul ts  

4.3.3.1 Overaging 

The d u c t i l i t y  o f  overaged specifhens was markedly d ~ c r e a s e d  a l l  cases, 
t 

Examination o f  t h e  weld m ic ros t ruc tu re  revealed a s i m i l a r  struc.ture i n  

a l l  overaged specimens. 
t 
- * 

4.3.3.2 I ron  Content Reduction 

No l mprovement i n  duct i l i t y  occurred w i t h  t h e  low ~1 rorielconten; 4043 f i l l e r  
' , 

metal. Spectrographic ana lys l s  showed t h e  i r o n  content  i n  t h e  weld de- 

p o s i t  t o  be 0.28 per cent.  

Tes t ing  o f  ingots 2 and 3 i s  no t  complete t o  date. Tens i l e  specimens o f  

each t ype  w i l l  be tes ted  a t  room temperature and -423OF i n  both t h e  as- 

welded c o n d i t i o n  and a f I e r  cur ing.  



4.3.4 Conclusions 

4,3,4,1 Overaging 

Test results indicate that the development of an effective overaging 

process would require extensive study of the metallurgical behavior of 

the weld. ' l.n adequcste procedure is not deemed practicable at present. 

4.3.4.2 l ron content Reduct ion - 

The results obtained with the 4043 filler wire are considered incon- 

clusive since, due to dilution with %he parent material which was found 
e 

9 f 

to contain 0.55 per cent iron, the iron content was excessive. The re- 

sults of tens i le testing of ingots 2 and 3 w i l l be presented in ; i'ater 

issue of this report, 



TABLE 4-2 
COMPOSlTlON OF LOW IRON CONTENT, DUCTILITY TEST INGOTS 

MANGANESE ' 



-- 

. -- .- - 
$ ..; ' .  

- 8 ,  

. .. -- -. - - . v . _... '* r -- 
I)' 

4.4 R ~ W T E C  owe, rrs SRTW FIT~IME~S. 

The semi-automatic me ta l - i ne r t  gas (MIG) welding process i s  p resen t l y  

used i n  product ion f o r  making f i t t i n g  t o  d m  welds. The automatic, 

d i r e c t  cur rent ,  tungsten- iner t  gas (D.C. TIG) welding process would o f f e r  

t h e  . f o I  low i ng advantages: 

, a. Ful  l automatic opera t ion  

b. Minimized weld defec ts  and r e p a i r s  

c: Minimum d i s t o r t i o n  and shrinkage 
* 

d. -Consistent ly  uni form weld deposi ts  

e. Reduced weld t ime 

A s tudy was conducted t o  determine the  feas i b  i l i t y  of us ing t h e  D.C. TIG 

process f o r  product ion welding o f  f i t t i n g  t o  dome welds. 

8 I 

4.4.1 , . Test  Progrbm 
' 

Laboratory t e s t s  were conducted using t h e  Linde M i s s i l e  Maker (see issue 

one o f  t h i s  r e p o r t )  w i t h  temporary product ion too l i ng .  Nine weld specimens 

were prepared b y  i n s e r t  i ng 6061 -T6 a I umi num f itt i ngs i n t o  open i ngr i n  

2014-T6 aluminum dome sect ions. Seven of t h e  welds were made us ing t h e  

double f i l l e t  technique; t h e  o ther  two were completed i n  a ' s f n g l e  pass. 

J o i n t  openings,at  t h e  r o o t  of t h e  weld ( to lerance between mating members) 

were var ied  f rom a t i g h t  f it t o  a 1/16 inch clearan$@. Procedures and 

we l d parameters used i n  preparat  ion o f  t h e  spec irnens a re  l i s ted  i n  Tab l e  

4-3. Eigh t  o f  t h e  n ine  specimens were sdear tested. A l  I specimens were 
$ 

subjected t o  dye penetrant, radiographic, and v isua l  inspect ions. 



4.4.2 Test Results 

'IF 
i: 

- -- . "a: T -. 
2- T. ';,- -d-, 

- -  - - ? .  
. . 

The resul ts  of  inspections and shear tes t i ng  are l l s h d  f n Table 4-4. The 

resu l ts  of these tes ts  and addit ional  laboratory study prowd the feasi-  

b i l i t y  o f  welding f i t t i n g s  i n to  the dome section by the D.C. TIG proeess. 

Minute porosity, approschlng Class I level, was encountered on jo in t s  

having v s r i s t  ions i n  f i t -up exceeding .050 inch. 

* 
4.4.3 Add Jt ion81 , l .nwst igat ion 

Shop tests, based on resul ts  obtained i n  the laboratory, were conducted w i th  
8 

the Linde Missi.le Maker set-up f o r  welding on production tool ing. 

. The double f i l l e t  weld technique was used t o  weld I inch, 4 inch, 5 I /2  

inch, and 10 inch diameter f i t t i n g s  i n  0.113 inch and 0.190 inch domes, 
. I  

Weld pararrietersland machine,qettings su i tab le f o r  production were de- 

veloped fron!.the,shop tdsjs.' : ~ i ~ u r e  4-1 contains the typ ica l  D.C. TIG weld 

parameter sequence f o r  welding 4 inch O.D. f i t t i n g s  t o  the 0.190 inch 

a f t  dome. 

The automatic D.C. TlG Process, used I n  conjunction w i th  the Linde 

Miss i le  Maker, Is an eme l len t  combination of process and equipment. 

The process has been c e r t i f i e d  and I s  cur ren t ly  used i n  Saturn S-IVB p'ro- j 



I 
-A- - , . I  

TABLE 4-3 * ! 

PROCEDURES AND WELD PARAMETERS FOR ' -  

LABORATORY D.C. TIG WELD TESTS* 

*LIST OF WELDING EQUIPMENT USED: 

LINDE MSSILE MAKER 

LINDE HW-20 (STRAIGHT) 

POWER SOURCE AND CONTROL - 
TORCH - 
ELECTRODE - 
SHIELDING GAS CUP - 

3/32 INCH DIAMETER TUNGSTEN. 2 PER CENT THORIA 

NO. 5 CERAMIC (5/16 INCH 1.D.) 

HELIUM AT 65 C.F.H. SHIELDING GAS AND FLOW - 
WELD POSITION AND JOINT - 

FILLER WIRE - 
HORIZONTAL FILLET 

1/16 INCH DIAMETER, 4043 ALUMINUM 

**TORCH STATIONARY, PART MOVING 





D.C. TIG WELD PARAMETER SEQUENCE 
4 INCH 0.0. FITTING TO 0.i90 INCH AFT bOME 



4.5.1 Approach 

Test welds are being prepared in 2014-T6 and 6061-T6 aluminum alloys , 

from 0.030 inch to 0.375 inch thick. The current sttld*ie; are.bding made 

to obtain the optimum design for the following parameter$':. *.' . ' - 
a. Back-up bar material 

b. Groove configuration , I,. 

c. Torch angle 
. . , I  

d. Electrode diameter 

.I e. Welding t i p  geometry 
. .  . 

:. . .. . . * iT< . . - 
E - . Weld tests are being conducted to determine (I) machine settings for all -... . 
k!. i . weldt joints, (2) Joint fit-up (tolerance), and (3)  production welding 

tooling requirements. A study i s  also scheduled to oetermine the effects. 

of repair welding on mechanical properties. 411 mechanical property data 

will be obtainod from tensile strength tests conducted at room temperature 

on both transverse and longitudinal specimens. Results of.these studies 

will be presented in a later issue of this report. 

a 



Weld studies, performed e a r l  i e r  as p a r t  o f  a Ooug las A i r c r a f t  Company 
8 

funded yesearch program, indicated tha t  the q u a l i t y  o f  automatic MI6 

(metal - i n e r t  gas 1 we Ids i n  2014-76 aluminum could be improved through 

the  use of sh ie ld ing  gases of speeial composition. Tests are being con- 

ducted t o  determine the feas ib i , l i t y  of improving the  q u a l i t y  s f  Saturn 

S-IVB product'ion viel'ds wi?h sh ie ld ing  gases o f  speclal composition. 
4 . '  . '  

4.6.1 Test Pr-qram 
* 

Using various sh ie ld ing  gas compositions, four  single-pass ~ n d  four m u l t i -  

pass autcmptic'MIG b u t t  welds were prepared i n  2014-T6 aluminum p l a t e  3/8 

inch fh ick .  Table 4-5 contains a l i s t  of the gas mixtures used. /'ill welds 

were evaluated by visual,  radiographic, and dye penetrant inspections. 

Mechanical t e s t s  w i l l  be made a t  a l a t e r  date. 

S i n g l e  and w4tj-pass lap wefcis s m  b?elmg prepred: mlng tb mterla1 1 
gas mfxtures EXS a k w .  & s t t ~ t s  of inspact ion, as war 1 as .mhr4nicnt 

$ w t s  OR lSOXh fa but9 oJwl lop velds, w 1 3 1  bs- prewnted Fn a tsier 1sl;tw 





A tsPt pr~grru r a s  c d u d m d  during the c m &  npar? p l o d  to deternln 

tho t a r r ~ l b i  I y-ty ot jar~ing tb yw ~rtru?li& + g w r  i n  t~  OIL- 

Wad b r  using ths almtrm h a m  R ~ ~ S S .  In  addltlw t& Insrwssd weld , 

4.7.1 Test Procedure - -I 

Machined 'I" bars w i t h  c r o s s  sect ions s l m l l a r  t o  product ion e d r u s l o n s ,  , . 
were prepared f rom 2014-~6 wrought a l umi num. p la te .  E lec t ron  beam welds 

were f i r s t  made on p l a t e  t o  develop machine s e t t i n g s  f o r  t h e  various 

thicknesses encountered i n  t h e  '7" j o i n t .  These s e t t i n g s  were then used 

t o  prepare b u t t  welds i n  t h e  machined '7" bars. Two weld passes were 

made' i n  each j o i n t  t o  weld ( I  ) t h e  l e g b o f  t h e  'IT", . and ( 2 )  t h e  base o f  

t h e  '7". Weld s t a r t s  and stops weremade on end tabs. Two '7" b u t t  

jo in t *samples  were welded, us ing t h e  optimum s e t t i n g s  developed, and 

inspected by v i sua l  and dye penetrant methods. Tens i l e  t e s t s  were made 

on specimens m~ch ined  f rom various locat ions  w i t h i n  t h e  samples (see 

f i gure 4-21. 



Welds wefa, -4a- m pfata aaed in  bwW &?n$s 5"n 2 I J4  Ymh *blck, 2Qt4-TB 

alumlnw te> bdrarnlnra: The fwsiibl5iby o# m&@P 

a s i ng l e pass. Cons i stent  penetrat ion cou l d not be' achieved, however, 

with the avai lable  electron beam welding'equlpment; therefore, mechanical 

t e s t s  were not performed on the.specimens. 

Visual Empxtton gave the fof 1-lm resulfr for b P h  samples: 

ee S m S 1  m i d  in uaderbead &' jluwtion 0 5  Esg and base 

> v m  
r, ; 4 

.d. Severa s m l  l w i d s  on Top surf wo of leg where p@rn@tratlcm s9: 
.t .. . . beam is lW" 9 -  - - - - - A  - - - -  

n 

Tensile tes* remt l i sa re  l is ted  infablEe4-6. T h  4wes-t t ' ens i l e ra lws  
m 

O E C U P J " ~ ~  i n  the roa* area the ITti* 



Swo wl td  pesses together. Such w i d ~ a r s  a g ~ m n t i l y  chmderJctFc 

w h e r e  fw l l p-ane%rat Eon UP' t b  b s ~ m  i%rwgh Qkw uwkp3ig4cs i s  mt acfaIi~ved. 

singlo pass p.roeess can be &uleEape$. The present eqwipmtmt 3s irwdeguate 

far sFagte-p?ss wleldlng aSmSnum o;t $he  required thickmss, AMIqlorral  

wFX1 $me fa rap @F&w- 

?Ion l i k y  af iefocrtron k s m  wErl'lng for fhe Saturn 5-IW, 
? 



TENSILE TEST SPECIMEN DERIVATION 
FIGURE 4-2 

TABLE 4-6 
TENSILE PROPERTIES OF ELECTRON BEAM BUTT WELDS 

.ql 
I ,  . 8 

i m  . ' 
m:lb 8 ' . 

I . '  

( SPECIMEN I FTU (PSI) 1' ELONGATION IN 2 INCHES I 



4.8 E m m  EE?%M WELD la 5W WWB P L W E  EEFK&LES - - . 
- 7  . U C  

@ I  miflimum b a t  Enprrf, ' $31 weld 2soundmss, and 443 'odequats nrechan!cal 

Wolcl=esg for this purpcse. .,( ' 

4.8.1 Pre I iminary Tests .' ! 

were tested  a t  room temperature t o  determi ne tens i l e strenflk. .' 

4.8.,2 Results of Prel iminary fe ,st ing 

Figure 4-3 i s  a graphlc  representat ion of the  e f f e c t  of distance from the  

weld center  l i n e  on t h e  maximum temperature. Tensi le  t e s t  data a r e  

- - r- 



4 - 8 3  F&ur& STscdfes 

jalat w&lr&s .& mepfwf4 ta *tan*, using dr9tlar pPa?es SB slnr[~iaf~ th 

r i I i be a& hrr ing these tes ts .  

- 1 '  
I . ..' r , , MaaP 5ampfi9 pa#%. Thew welds wSCI bsr +h~stod fw Isr 

'.. .' B>;i. '; 

i~.lCm gcs~ Results d future twting w i l l  bP press*& i n  s lator issue of t h i s  

.. . . 
I 



L -yu - 
- i 
-' E'FFECT OF DtS'TAWCf FRW KLD GEHTER LIME t3$4 

' MAXMW TEWEF~AWRE 
; * 

DISTANCE FROM WELD IN INCHES 

FIGURE 4-3 

TABLE 4-7 
TENSILE PROPERTIES OF TBF RECEPTACLE WELDS 

6 

15 SPECIMENS OF EACH TYPE WERE TESTED 

SPECIMEN* AVE. FTY AVE. FTU ELONGATION, 
TYPE (PSI) (PSI) IN I MCH 

(%) 

BEAD ON 40,600 88,700 38 

BEAD OFF 44,300 91,800 35 



ot drcss, prssented in  t h e .  last Issue o i  this rGort. Llor(r Is coo- 

s$TnuEng l o  dewfop odditicsns and MiSisa"Gisns +- the f lksorlder @aChim, 

pwid, eulawklc Pf~rxEng and coaling system% 

a . 115 was ~ ~ s t u f ~ t e d  Shbt t a m  t l ~ x i r r g  I O Y L ~  $9 tb most feesibls ~ysftam lor 

uale vCIh P b  # l olar~ollder ~ h ~ m .  A 4est sysjfern was C Q P I S * ~ ~ ~ ~  a% par- 

e warnis s?'ama t?ubmerd@d fin 1 i$1IId -I l wx. A i r  was qorcsd 7hrwgt-1 fhe 

pswrws ceramic $0 pr@KSu~@ a f w m  W B W ,  The $maple wir ing bmrd,  passed 

-. d;Zrn. :cmT ,-.- - < - 1 .  * _ I 

TW PIE.%* cooling sysflem, daesiglreral $6 sCFm hter=trebntc mnts Po cool 

dur l ng the . - sot der i fig prmsss, c a n s  i sSs sf o wf F s u - r w  f ri cml ing 

l iquid [ethyl slccho# plus ice') having*  ~ ~ * u F - w  aft& .- 60'5 fa 

( -!26i"f. An imrganlc gas, ~h as argon a- a r b o n  d i m f d e  i s  gassed 

. 1 

ycmd the solder warn. The btsst ot eoolod gar 440'~ to %F reduces 



kl d c e w t ~ a S ,  war la)aly a s t ~ o ~ a t 3 c .  The fl'lnp prducad nas -#%in 

Component lead temperatures were recorded both w i t h  and wi thout  the 

qool ing system i n  operation. Figure 4-4 i s  a graphlc representat ion of 

temperatures wi thout  component cool i ng. ' The e f f e c t  o f  the  cool iog system 1 
r: Fq$" 

on component temperature: i s shown graph ica 1 1 y i n  f igure 4-5. The peak 

3 
1 

- temperature wi thout  component coo l ing was 355OF. The peak temperature 

i was 330°F w i th  the component coo l ing system. 

Test results indicate that fhe f Ing tlux'lng w a t t  and ampanewt 

coaling System will Inqprawa tb qual i ty of ~oli&ar~d print& ulrlng b r d s .  

The sharp r ~ ~ m f u r e  drop shewn t~ figura 4-45 lndtcates ttsa* the ceql.lng 

- 8  

shock. t 

I 

- - - -  - 



4.9,5 Future Development 

e. Warp retarding bmrd carrier 
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&n s-1 ion at ~h i5br  ctew S s p d a  w l l l bs presedsd f n a l d e r  I %sue 



COMPONENT L U D  TEMPERATURES WITHWT 
COMPONENT COOLING 



COWION LWT LEA.0 WPERI(IJU RLS USiiNG 
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4.10.1 Results 
I ' 

The Saturn S - I V  stamping machine was modified by ( I )  reducing the type  

s i z g  from 3/16 inch t o  1/8 inch i n  height  t o  al low a 33 per cent  re-  
. . 

duction i n  area and (2) designing a f i x t u r e  t o  permit stamping of t h e  

i.nc l i ned surf ace of  con i ca l mo l ded parts.  

The $laturn % - t l t  sPmp?mg .~lzahehib has h n  suiacc?ssfully modltirrd far use 
- 



4.11.1 Addi t ional  Progress 

I . . 

Tests were conducted a t  Turco Products, Inc. t o  es tab l i sh  the f e a s i b i l i t y  

' of us i ng two sprayer assemb l ies mounted on a r o t a t  i ng bar. Good resu l t s  

were obtained w i t h  t h i s  arrangement. Douglas A i r c r a f t  Company has now 

establ ished the  optimum sprayer assembly configuration. A complete 

sprayer assembly w l l l  be constructed and tested a t  Douglas A i r c r a f t  

Company f a c i l i t i e s  located a t  Huntington Beach, Cal i forn ia .  

6 





4 -  -2.3 Conclusion 

T b  new fabrication X'e&inlgw and edq~ &sign are apfm-ently quite 
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r- - ---4614.2 Test C r l t e r i e  

Criteria for the  deXerwinaJrlm oJ: optinam weld parameters w l f l  k h e $  ,* on v l s m  l , r-ad logrraph fr, and dgre-p~utlaSr4 I rueip9@* lam sr wet l -)ran iea t 

tssTlng of welds. PwsS wolds w i  l l Br a% sa l rctsd 

reprcdwlbi l l t y  and cci~nslstwtcy.  

4.14.3 Future Work 

'I 
The optimum set t ings  developed by laboratory studies w i l l  be tested  or 4 . r 

1 

f u l l  size, simulated production j o i n t s  using production too l ing .  i 

Resul ts  obtained from t h e  producfion weld parameter studies w i l l  be 

presented i n  a l a t e r  issue of t h i s  repor t .  





Work accomp l i shed toward the development 

and improvement of  protect ive packaging 

procedures fo r  the Saturn S-IVB and associated 

items is  summarized in  t h i s  section, 
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